The soil-geogrid interaction process was analyzed by the Particle Image Velocimetry furthermore spatial discretization scheme in finite element method to understand about the dilatancy mechanism and shear strain distribution during unloading-reloading process. In this test the geogrid was pushed back and forth at three stages of pullout test: before peak, at peak and at residual part to simulate the seismic activities. Results showed that the shear strain concentrated in front of transverse ribs and upper apart of pullout box. The dilative behavior appears in front of transverse ribs and contractive behavior exits at behind of these bars. The alternative soil dilatancy-contraction distribution in between the two transverse ribs can be seen throughout the length of geogrid.
INTRODUCTION
Stress distribution along reinforcement contains two components, frictional resistance and passive resistance as shown by Bergado et al. The frictional resistance depends on the surface area between geogrid and soil, the friction angle between geogrid and soil, and effective normal stress at the interface. The passive resistance is considered similar to bearing capacity mechanism. The failure mechanism is based upon the Terzaghi-Buisman bearing capacity equation for a strip footing as described by Jones (1996) . Peterson and Anderson (1980) provided a bearing capacity failure mechanism shown in Figure 1 . Passive resistance depends on area of transverse elements, effective vertical stress and friction angle of soil. Experiment has shown the existence of confining effect which is independent of tensile force of geogrid. The confining effect is a factor of reinforcing effects related to soil dilatancy. Yasufuku and Ochiai reported an existence of confining effect in a sliding box shear test.
In this study, a special pullout test was designed to carry out the pullout test with different geogrid types. The square and circle geogrid types were tested. To understand and stimulate geogrid working mechanism under seismic activities, unloading-reloading was applied during the pullout test by pushing the geogrid back and forth. The interaction between geogrid and soil especially at the transverse ribs was analyzed by the Particle Image Velocimetry (PIV) method to understand about the interaction mechanism during unloading-reloading process expressed later by Unloading-Reloading process. Figure 2 shows the schematic diagram of pullout test apparatus with dimensions of 300 mm (width) x 202 mm (height) x 400 mm (length). 
PULLOUT TEST
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Figure 2. Pullout test apparatus
Two dummy specimens were put inside the box to reduce the frictional area between geogrid and soil making the contact length of 240 mm. The test apparatus was mainly made of steel except the longitudinal sidewalls which were made of hard transparent plastic plates. Color sands were attached at the observation square at the box side with an area of 134 mm (width) x 80 mm (height), where distance from left side of the box to the square was 30 mm, to observe the deformation at the interface between geogrid and sand by a digital video camera. Dry Toyoura sand was poured through a sieve to make the soil homogeneous and the density (D r =80%) was controlled by the vertical dropping height of 170 mm above the surface. Air pressure bag was used to apply a constant uniform vertical pressure from the top of the box. The tests were operated by pulling the geogrid out at a constant speed of 1 mm/min through a screw jack controlled by a motor. The pullout force was measured by a tension load cell and the pullout displacement of geogrid was measured by a displacement gauge. The pullout tests were finished at 55 mm of pullout displacement because of the limitation in the stroke of the jack.
Materials
Toyoura sand, which is available in Japan, was used in all pullout tests. Two types of geogrid made of polycarbonate, a square geogrid (SG), a circle geogrid (CG) and a polycarbonate plate (P) are shown in Figure 3 and Table 1 . 
RESULTS AND DISCUSSION
Pullout resistance
The overburden air pressures used for the tests were v σ = 5, 20, and 35 kPa. To achieve zero pullout resistance in unloading, the geogrid was pushed back slightly at the jack. The UR steps were implemented at 3 stages: before the peak value, at the peak value and at the residual part. The whole process is presented through successive steps: O-A-B-C-D-E-F-G-H (as shown in Fig. 4 for example). UR process before the peak values is O-A-B-C. The process at the peak value is C-D-E and one more time at the residual part is F-G-H. Before the peak values, the UR did not affect the pullout resistance however it reduced the pullout resistance at the peak and residual parts. The amount of decrease differed with geogrid types. Reduction in pullout resistance before and after UR process, e.g. p . In these tests, the decreases at peak value of CG, SG and plate were 5%, 10% and 5% respectively. The differences of reduction are due to the stiffness and geometry of geogrids. The stiff geogrid reached to the peak pullout resistance at the small pullout displacement while soft geogrid needed large pullout displacement and deformation of geogrid to mobilize the peak pullout resistance (Izawa et al.) . In this test series, CG has a smaller stiffness as compare with the SG. However, there might be another factor affecting the pullout resistance. The factor would be due to soil's dilatancy as mentioned by several authors, e.g. Bergado et al, Yasufuku and Ochiai. Soil dilatancy or confining effect is the effect of restriction of soil around the geogrid by the geogrid during the shearing. The confining effect increases the confining stress around geogrid. Restriction of soil is affected by the interval between transverse ribs, stiffness of transverse and longitudinal ribs and stiffness at nodes. As the frictional resistance was similar during the UR process, the reduction in the pullout resistance can be explained by the reduction in bearing interaction mechanism which occurred at the nodes and the transverse ribs. Resistance effect of the ribs at the right angle to the pullout direction is transferred more effectively to the longitudinal ribs and supported in the case of geogrid with stiff nodes. In this study, the CG has harder nodes than the SG which has rectangular nodes. Therefore, CG mobilizes more bearing resistance than the SG does. To further investigate the effects of bearing mechanism and dilatancy, the PIV method and spatial discretization scheme in finite element method analysis were used.
Analysis of the bearing mechanism and dilatancy
Dynamic behaviors of geogrid and sand interaction subjected to UR processes were analyzed through PIV method and spatial discretization scheme in finite element method. The observed window on transparent wall which showed interaction between transverse elements and sand was captured by a video. The observed window (134 mm x 80 mm) was subdivided into a nodal point mesh and analyzed by PIV method. The domain of a straight-edged quadrilateral element was defined by the locations of its four nodal points as described by Hughes. The numbers of nodes and element are 150 and 126 respectively. During pullout test, increments in horizontal and vertical displacements of each nodal point were determined. From displacements of nodal points, volumetric strain and deviatoric strain were calculated under the assumption of plane strain condition. Figure 6 a&b show deviatoric strain or shearstrain and volumetric-strain distribution of CG pullout test subjected to UR process under overburden pressure of 35 kPa. It can be seen from steps O∼H in Fig 6a that shear strain shows concentration at the front part of geogrid in early process from O A and A B. The concentration was higher in the upper side than the lower side of the geogrid. However, at these stages the shear strain was still relatively small. From reloading B C, shear strain distribution concentrated almost symmetrically in front of transverse ribs. It indicates that due to the bearing mechanism, soil around the front of transverse bars was pushed in to form slip planes which are shown in black color. This agrees well with the bearing capacity theory proposed by Anderson. At unloading step, C D shear strain concentration was less than that of step B C because when geogrid was pushed in opposite direction the bearing mechanism also appeared at the opposite side of transverse bars. These bars pushed the soil backward which caused shear strain concentration to reduce. The following steps from D to H, same procedure was applied and the behavior of geogrid and soil interaction was similar to previous steps.
The dilatancy (phenomenon) is related to development of passive failure surfaces, which are generated against the nodes and ribs. Figure 6b shows volumetric strain distribution during the pullout test in all steps. The dilative behavior appears in front of transverse ribs and contractive behavior exits at behind of these bars. As mentioned above, due to the bearing mechanism soil around the front of geogrid's bars was pushed in large displacements while soil behind the bars had less effect of passive resistance therefore showed small displacements. In a relative distribution between these two zones, the soil in front of the bars was compressed while the soil behind the bars was extended. Similar to shear strain distribution, volumetric strain distribution was also different at each step, for example, the dilatancy of reloading B C was higher than that of unloading C D. The alternative soil dilatancy-contraction distribution in between the two transverse ribs can be seen throughout the length of geogrid. Soil dilatancycontraction was more at the upper side than the lower side probably side due to the boundary condition of the test apparatus. The upper part was the flexible stress boundary by the air bag therefore the deformation was not restricted. But the lower part of the box had a rigid boundary that restricted the deformation of soil.
CONCLUSIONS
Study on the pullout resistance with unloadingreloading processes was made on the model geogrids. Special attention was directed in geogrids to see the dilatancy mechanism and stress strain distribution during UR processes.
The followings were obtained in this study
1.
The unloading-reloading reduces pullout resistance at the peak and residual part however it shows very little effect before the peak.
2.
Transverse ribs push soil in front of them to form slip planes due to bearing mechanism. The soil in front of transverse ribs shows dilative behavior while soil behind transverse ribs shows contractive behavior. 
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